Supplemental Figures S1 to S5 • Figure S1, Related to Figure 1. Jarid2-null ESCs failed to selforganise into colonies and showed a uniform flattened morphology. • Figure S2, Related to Figure 2. De-regulated expression of PCP and Wnt signalling factors in ESCs lacking Jarid2. • Figure S3, Related to Figure 2. Comparative histone H3K27me3 and replication timing analysis of PCP/Wnt genes in Jarid2-null and wild-type ESCs. • Figure S4, Related to Figure 4. Co-culture of Jarid2-null ESCs with wild type partners restores cell sorting and coherent colony formation.
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Supplemental Experimental Procedures

Mouse ESC lines, co-plating and differentiation experiments
Feeder-free parental JM8 (wild-type) mouse embryonic stem cells (ESCs) were derived from the C57BL6/N mouse strain. Jarid2 mutant mouse ESC lines (A08 +/-, E4 -/-and E8 -/-) were obtained using targeted gene trapping approaches and described elsewhere (Landeira et al., and plated in standard ESC media at a density of 2x10 5 cells/well in six well plates. Neural differentiation was carried out as described previously (Conti et al., 2005) with the following modifications; Jarid2-null (E8) cells were co-cultured with wild type (JM8) ESCs in 1:4 ratio for 24 hours. Cells were resuspended in N2B27 (Gibco) at 25.000 cells/ml, and transferred to nonadherent culture dishes. After 5 days cell aggregates were plated on gelatin-coated dishes in N2B27 media supplemented with hEGF (10 ng/ml) (Peprotech) and hFGF-2 (10 ng/ml) (Peprotech). From day 8 cells were maintained in NS expansion media (Euromed-N from Euroclone) supplemented with hEGF (10 ng/ml) and hFGF-2 (10 ng/ml). Immunofluorescence analysis was carried out on day 10.
ChIP-seq and gene expression microarray analysis
List of deregulated genes in Jarid2 -/-ESCs was extracted from previously published gene expression microarray comparing Jarid2 fl/fl and Jarid2 -/-ESCs (Shen et al., 2009) . List of promoters bound by Jarid2 in ESCs was extracted from published data (Pasini et al., 2010; Peng et al., 2009) . Kegg pathway gene enrichment and functional annotation clustering analyses were carried out using DAVID bioinformatics resources (Huang et al., 2009) .
Wnt signalling pathway and gene expression analysis
Analysis of Wnt signalling pathway genes was performed using SYBR Green PCR array RT 2 profiler (SABioscience). Three independent samples for JM8+/+, E8-/-, Jarid2fl/fl and Jarid2 -/-were analysed. Data analysis and statistical test were carried out using SABioscience software and following manufacturer recommendations. Gene expression analysis by RT-qPCR using SYBR Green (Qiagen) was performed as previously described (Landeira et al., 2010) . Statistical significance of RT-qPCR experiments was determined by applying a one-tailed Student's t-test to raw enrichment values. Primer sequences are provided in table S1.
Western blot analysis
Western blots of whole cell extracts were carried out using the following antibodies. Mouse antisera to Total β-catenin (BD Biosciences) and Active β-catenin (Millipore), Rabbit antisera to Nanog (Cosmo bio co), Jarid2 (Abcam), and Goat antisera to Oct4 (Santa Cruz), Sox2 (Santa Cruz), Tcf3 (Santa Cruz) and Lamin B (Santa Cruz). Secondary species-specific antibodies conjugated to horseradish peroxidase were used: anti-rabbit-HRP and anti-mouse-HRP, and anti-goat-HRP (Santa Cruz). Amersham ECL reagents (GE Healthcare) were used for detection.
Immunofluorescence analysis of mouse ESCs and blastocysts
Immunofluorescence analysis of ESCs colonies was carried out as follows; 20 minutes fixation in 2% paraformaldehyde, 5 minutes permeabilization in 0.4% Triton-X100 and 30 minutes blocking in phosphate buffer saline supplemented with 0.05% Tween 20, 2.5% bovine serum albumin and 10% goat or fetal calf serum. Immunofluorescence of mouse blastocysts was carried out as previously described (Puschendorf et al., 2008) but permeabilization was shortened to 5 minutes. The following primaries antibodies were used: Mouse antibodies against Oct4 (BD), E-cadherin (BD), Mash1 (BD); rabbit antisera against Nanog (Cosmo bio co), Vangl1 (Sigma), and Prickle1 (gift from A.G. Bassuk) (Bassuk et al., 2008) ; goat antisera against Gata6 (R&D) and Nestin (Santa Cruz). Secondary species-specific antibodies conjugated to Alexa 488, 566 or 647 (Molecular probes) were used. Samples were mounted on Vectashield (Vectorlabs) containing 1 µg/ml 4',6-diamidino-2-phenylindole (DAPI). Confocal analysis was performed using Leica SP5 systems.
Flow cytometry
Flow cytometry analysis of Nanog expression was carried out as previously described (Festuccia and Chambers, 2011) with the following modifications; 2x10E5 cells were stained using rabbit antisera against Nanog (2.5 µg/ml, Cosmo bio co) and anti-rabbit conjugated to Alexa 647 (6 µg/ml, Molecular probes) were used.
Injections of ESCs into mouse blastocysts
GFP expressing cells were obtained by lentiviral transduction of PL-SIN-PGK-eGFP as previously described (O'Loghlen et al., 2012) . JM8 +/+ and E8 -/-cell cultures expressing homogenous and comparable levels of GFP were established using flow cytometry sorting. Ten to fifteen GFPexpressing JM8 +/+, E8 -/-, E14, Jarid2 CRISPR #3, PCP CRISPR #5, Nanog OE and Eed-deficient B1.3
ESCs were injected in the inner cell mass of C57BL/6 blastocysts at E3.5 using a XY clone laser prior to injection. Injected embryos were cultured for 16 hours in KSOM media after which they were fixed for immunofluorescence analysis.
CRISPR/Cas9-mediated genome editing
sgRNAs targeting Jarid2, Prickle1, Fzd2 and Wnt9a were designed (Hsu et al., 2013) and
Genome-wide Tag Scanner (Iseli et al., 2007) was used to identify potential 'off-targets' with an exact match to the 12 bp upstream of the NGG Protospacer Adjacent Motif (PAM) for each sgRNA. Their corresponding oligonucleotides were cloned into human codon optimised SpCas9 and chimeric guide RNA expressing plasmid (Addgene) (Cong et al., 2013) . For CRISPR/Cas9 mediated gene modification, E14 ESCs were cotransfected using Amaxa (Lonza) with plasmids expressing Cas9 and sgRNA targeting Jarid2, Prickle1, Fzd2 and Wnt9a, along with mCherry/Puromycin expressing plasmid. Successfully transfected cells were selected either by sorting according to mCherry expression using fluorescence-activated cell sorting or by transient Puromycin treatment (48 hours) after 24 hours of electroporation, and were grown for 5-7 days before single colonies were picked for genotyping. PCR products of targeted loci were cloned into pGEM-T Easy Vector (Promega) and at least 8 bacterial colonies were sequenced to identify mutations.
TOPFlash assays
Cells (10 6 per well) were transfected with 1 µg TOPFlash and 0.1 µg Renilla luciferase plasmids in 6 well plates using Lipofectamine 2000 reagent (Life Technologies). After 48 hours, cells were lysed and analysed using the Dual Luciferase Reporter Assay System (Promega) according to the manufacturer's protocol. For co-culture experiments, Jarid2-null ESCs were mixed with wild type ESCs (1:3) for 72 hours and Jarid2-null ESCs were FACS-isolated by GFP expression. For experiments on TNG (Nanog-GFP) ES line, cells were transfected, and Nanog-low, Nanogmedium and Nanog-high fractions were sorted by FACS according to GFP levels.
Tcf3 and H3K27me3 ChIP analyses
For Tcf3 ChIP, 2x10 7 ESCs were cross-linked using 1% formaldehyde. Cells were lysed and sonicated in order to solubilize and sheer cross-linked DNA. For each immunoprecipitation, 200 µg of chromatin was incubated overnight at 4°C with 40 µL of Protein G-Dynabeads (Invitrogen) that had been previously incubated with 10 µg of the Tcf3 (Santa Cruz) or normal rabbit IgG antibody (Santa Cruz) for 3 hours. Next day, beads were washed with the following buffers:
RIPA buffer (10 mM Tris at pH 7.5, 140 mM NaCl, 1 mM EDTA, 1% Triton X-100, 0.1% SDS), RIPA high-salt buffer (10 mM Tris at pH 7.5, 500 mM NaCl, 1 mM EDTA, 1% Triton X-100, 0.1% SDS), RIPA LiCl buffer (10 mM Tris at pH 7.5, 250 mM LiCl, 1 mM EDTA, 1% deoxycholate, 1% Triton X-100, 0.1% SDS), and TE buffer. Immuno-precipitated complexes were eluted by 2 hour incubation in elution buffer at 37°C with shaking, and cross-links were reversed by overnight incubation at 65°C with shaking. DNA was isolated using phenol-chloroform extraction and analysed using real-time PCR. ChIP-qPCR analysis for H3K27me3 binding at PCP genes was carried out as described previously (Landeira et al., 2010) with primers listed in Table S1 . 
Gene Expression Primers
Rex1-F GAGCTGAACTCCTAGCCGCCTAGATT Rex1-R TTTGGTCAGTGGTATTTGGGGACA Nanog-F GAACTATTCTTGCTTACAAGGGTCTGC Nanog-R GCATCTTCTGCTTCCTGGCAA β-actin-F TCTTTGCAGCTCCTTCGTTG β-actin-R ACGATGGAGGGGAATACAGC Prickle1-F ATGGATTCTTTGGCGTTGTC Prickle1-R TGACGGTCTTGGCTTGCT Fzd2-F GACACCAGGGCTGAAGAGTG Fzd2-R AAGGGCACTTAGAAAAGTCGAG Dkk1-F CCGGGAACTACTGCAAAAAT Dkk1-R CCAAGGTTTTCAATGATGCTT Sfrp1-F CAGTTGTGGCTTTTGCATTG Sfrp1-R GAGGGAAGGGAGAGGGTTC Wnt11-F CAGGATCCCAAGCCAATAAA Wnt11-R TCCAGGGAGGCACGTAGA Wnt9a-F CGAGTGGACTTCCACAACAA Wnt9a-R GGCATTTGCAAGTGGTTTCGGCACAGGGTAGAAGGAAAA Jarid2 R ATTCCAGGGGTCCTTGAGTT Prickle1 F TGGCCATTGGCTTATTTTTC Prickle1 R AACACAACCCACAGGAAAGC Fzd2 F ACATCGCCTACAACCAGACC Fzd2 R GAGATAGGACGGCACCTTGA Wnt9a F GTGCTCTGGCTCCTCTGTTC Wnt9a R TGTGCCCAGTAGAAGGGTTT ChIP Primers Sox7-F GCGCCGCCCCAGAGAGT Sox7-R CCAGCAGCCTCGGGCTTG Dach1-F TGCGCTCGCTCTTTCTTAACC Dach1-R CAACAAGCACTCTAGGAAGGAAC Oct4-F GGGTGAGAAGGCGAAGTCTGAA Oct4-R GTGAGCCGTCTTTCCACCAGG Rex1-F TTTGCGGGAATCCAGCAGT Rex1-R CGTCCCATCGCCACTCTAGAC Nanog-F GGGTAGGGTAGGAGGCTTGA Nanog-R CGGCTCAAGGCGATAGATT Actb-F AGATCCATGAAAACCTCTCCAA Actb-R GCTAGGTGTGTTGGGGTTCA Dkk1-F CCTGAGTATAAAGGCAGCCAGA Dkk1-R ACCTCAACTTCGGGACCTC Sfrp1-F CACAACGTGGGCTACAAGAA Sfrp1-R TCACCTCTGCCATGGTCTC Wnt11-F GAGAGAGCGGACTCCTTCCT Wnt11-R TGGGAGGCGTTTTATTCAA Wnt9a-F TGCGCCCTAGAGGTAGAGG Wnt9a-R GCCTTTTGGCAGGAACAC Fzd2-F CGACTAATTGGGATCGGAGA Fzd2-R CTACCCAGCGACTCCTTTGT Prickle1-F GATCAGAGGAAATTGGGTTCG Prickle1-R TGGATTGATTGCCAGATAGGA Tcf3-Site1-F TGTGAGTGGCAGAATGCTCA Tcf3-Site1-R CACCGTGGTTTGGAATCCTT Tcf3-Site2-F AGGCATTGCAGGCTTTAGTG Tcf3-Site2-R CCACCATTACCACCACTTCC
Replication timing Primers
Prickle-F AGAGGAAATTGGGTTCGCCTT Prickle-R TAATGCTGTTGCCCAGGTTCA Fzd2-F AGGTGAGGGCTGAAGGAGG Fzd2-R CGGACTGAGGGTCGGAGA Sfrp1-F CTGACGCGGTGTGGAGAG Sfrp1-R CTGCTGCACCTACTTGCGA Wnt9a-F CACCCGGTCCCTAACTGTCA Wnt9a-F GGTCGAGTAACGGAGCCAG Wisp1-F AGGTGGGGACAGAGGAAAGA Wisp1-R GGCGTTTGTCAAAGCGACAT Fosl1-F CTGTCTGTAGAGGCGGCTTG Fosl1-R CCAGATGAACCTCTGTGGACC Wnt11-F CTGACGTGGGCGGATCAAAG Wnt11-R ATCTCCGGAGCTCTCTCCTC Aes-F CCTACCTCTGTGGGACAGGT Aes-R TGTCCTCTTTGGAGTCGGGA Dkk1-F TGAAATCCCATCCCGGCTTT Dkk1-R AACCTCAACTTCGGGACCTC Dab2-F GGGAGTTACCAAGTCCAGGC Dab2-R GGCCACTCCCGGTAGAGATA Oct4-F GGGTGAGAAGGCGAAGTCTGAA Oct4-R GTGAGCCGTCTTTCCACCAGG Nanog-F CCCTCTGAGTTTGACCGGTGA Nanog-R CAAGCTAGGATGTTAGGTCTCCCTG Rex1-F TTTGCGGGAATCCAGCAGT Rex1-R CGTCCCATCGCCACTCTAGAC a-globin-F CCACAAGCTGCGTGTGGAT a-globin-R ATGCCGCCTGCCAGGT amylase-F CAAAGCAAAATGAAGTTCGTTCTGCTGC amylase-R GAAGTTATCTTACCTGCACCCCTCCAAATC X141-F GGGTCATAAAACGCTTTTCCAGGAA X141-F TAGCACTGGAGATCAGATTGACGCCT GBE-F GGTGCAGATCATCCCCTTGA GBE-R TTACCCGACGGCGAAAG major_sat-F GACGACTTGAAAAATGACGAAATC major_sat-R CATATTCCAGGTCCTTCAGTGTGC minor_statellite-F TGATATACACTGTTCTACAAATCCCGTTTC minor_statellite-R ATCAATGAGTTACAATGAGAAACATGGAAA
